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Abstract 
A controlled vapours generator of explosives compounds has been evaluated for delivering low-concentrated vapours in order to 
determine the threshold of quartz crystal microbalances based chemical gas sensors.  
 
Keywords: 
1. Introduction 
With the increased use of explosives in terrorist attacks, the development of portable and low-cost explosives 
detection devices has become an urgent necessity. In this field, the detection of explosive vapours represents a great 
challenge because of the very weak concentration of explosives in air (few ppbv). This is the reason why the 
chemical sensors present a growing interest: they exhibit large sensitivity for various explosives. 
Quartz crystal microbalances are interesting because of their capability to detect the adsorption of gaseous 
compounds on the crystal coating 1-5. 
In order to evaluate real performances of detection devices, new generator of low-concentrated (sub ppmv) and 
calibrated vapours are needed, particularly in presence of interfering compounds or relative humidity. To this 
purpose, a continuous-flow trace vapour source of nitroaromatic compounds (NAC) and ester nitrate was designed 
and evaluated in terms of flow and temperature dependence. 
The performances of two different coatings will be discussed, particularly their response to different 
concentrations of NAC, in order to evaluate the limits of detection of our detection device. 
 
 
 
 
 
 
* Corresponding author. Tel.: +33-(0)2-47-34-56-79; fax: +33-(0)2-47-34-51-58. 
 E-mail address: pierre.montmeat@cea.fr. 
Procedia Chemistry 1 (2009) 9 –9  
1876-6196/09  © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.241
67 70
Open access under CC BY-NC-ND license.
 2. Experimental 
The selected compounds were two derivates of trinitrotoluene: the 2,4-dinitrotoluene (DNT) and the 4-
nitrotoluene (4-NT) and an explosive, the ethylene glycol dinitrate (EGDN). 
The vapour of each compound was generated on the bench presented in the Fig. 1. 
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Fig. 1: Testing bench 
 
By varying the gas flow in the generation cell, the temperature of the thermostated bath, or the dilution factor, a 
large range of concentration was obtained. 
Concentrations were determined by sampling in two bubblers of acetonitrile and consecutive analysis by 
spectroscopy UV. 
The performances of two coating materials were studied: PcZn(Ooct)8 and polypentiptycene6, deposited by spray 
coating on 9MHz quartz crystal microbalances (AMETEK). Each coating corresponds to a frequency variation of 
10 kHz. 
3. Results 
Two ways of low-concentrated vapours generation were investigated. 
 
First the dilution of vapours was evaluated. Thus, concentrations of DNT, 4-NT and EGDN were determined for 
each gas flow by UV spectroscopy. Results are reported in Fig. 2. 
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Fig. 2: 4-NT, DNT and EGDN concentrations as a function of the gas flow 
It appeared that the generated concentration is decreasing with the increasing gas flow. 
 
Then, three dilutions were performed by varying DNT vapours and dry air flows. By diluting the generated 
vapours into dry air, we were able to generate vapours of very low concentrations of DNT as shown in Table 1.
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Table 1: Concentration of the vapours of DNT generated. cal: calculated from dilution factors; exp: values obtained with UV measurements 
DNT flow (L/h) [DNT] (ppbv) Dilution factor Dry air flow (L/h) [DNT]cal (ppbv) [DNT]exp (ppbv) 
2 286 10 18 29 33 
4 213 5 16 43 51 
10 181 2 10 90 76 
20 144 / / / / 
 
The second way of investigation was the influence of temperature on the concentration of nitroaromatic vapours 
generated. The temperature of the NAC was controlled thanks to a refrigerant liquid (Fig. 1). The concentration of 
4-NT or DNT was determined for several temperatures, at a constant gas flow of 20 L/h. Results are reported in 
Fig. 3. 
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Fig. 3: Influence of the temperature on 4-NT and DNT concentrations 
 
This method allows the generation of very low concentration of 4-NT and DNT in air, up to respectively 600 and 
17 ppbv, which is much lower than the vapour pressure of 4-NT and DNT at ambient temperature. 
 
Then, these results permitted to evaluate the sensibility of two sensitive coatings. The response of the gas sensors 
was determined for each concentration of 4-NT and DNT (Fig. 4). 
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Fig. 4: Frequency variation (∆f) of PcZn(Ooct)8  (♦) and polypentiptycene (♦) as a function of 4-NT and DNT concentration. Model of 
Langmuir for PcZn(Ooct)8 (─) and polypentiptycene (─) 
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Polypentiptycene appeared as the most sensitive material for both nitroaromatics detections. The sensibility of 
our detection device is 6 Hz (noise= 2 Hz). Yet, the lower frequency variation obtained experimentally was 18 Hz 
for DNT and 9 Hz for 4-NT. Therefore, to evaluate the limit of detection of our detection device experimental 
results were extrapolated using Langmuir’s equation7, a model for gas adsorption on a solid. Good correlation was 
obtained between the calculated and the experimental data (Fig. 4). The limits of detection calculated from 
Langmuir’s equation are reported in Table 2.  
 
Table 2: Limits of detection of 4-NT and DNT determined by Langmuir’s model 
 LD4-NT  (ppbv) LDDNT  (ppbv) 
PcZn(Ooct)8 250 4.8 
Polypentiptycène 130 3.3 
 
Polypentiptycene exhibits the lowest values, which agrees with the experimental results. 
 
4. Conclusion 
The explosives detection device developed has shown a very good sensitivity to nitroaromatic compounds. The 
two sensing materials evaluated in this study exhibit low limits of detection, in particular polypentiptycene. 
Langmuir’s model appears as a good model for the adsorption of NAC on the sensitive coating. 
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